To compare spectral-domain optical coherence tomography (SD-OCT) with fl uorescein angiography (FA) in detecting macular edema in patients with uveitis and analyse discrepancies in the fi ndings obtained by the two methods. METHODS: The study included 133 eyes from 117 patients with uveitis that had SD-OCT (RTVue-100/ Optovue) and FA (Topcon TRC 50DX) scans performed to detect or rule out macular edema. RESULTS: Macular edema was found in 57 (42.9%) of the 133 surveyed eyes. In 37 eyes (27.8%) macular edema was confi rmed by both imaging methods. In 17 eyes (12.8%) macular edema was detected on SD-OCT but not on FA;in 15 eyes of these the edema was diffuse, and in 2 eyes -serous retinal detachment was verifi ed in the macular area. Focal macular edema was detected on FA in three eyes (2.3%) in which SD-OCT showed normal fi nding. In 76 eyes (57.1%) no pathological changes in the macula were observed on both SD-OCT and FA. Kappa coeffi cient was 0.675 at p < 0.001. The agreement rate between the two methods calculated using Kendall's tau-b was 0.693 at p < 0.001. CONCLUSION: Fluorescein angiography and spectral domain optical coherence tomography are highly sensitive methods used in detecting macular edema in patients with uveitis, but they might fail to be effi cient in this if used independently. Optical coherence tomography is a more informative method, especially in diagnosing diffuse macular edema.
To compare spectral domain optical coherence tomography and fl uorescein angiography in diagnosing macular edema in patients with uveitis and analyse the discrepancies in the fi ndings obtained by the two methods.
PATIENTS AND METHODS
The present prospective study included 117 patients (133 eyes) with uveitis, treated in the University Eye Clinic in Plovdiv, Bulgaria between January 2010 and April 2012. The patients (≥ 20 years old) had been diagnosed with uveitis with evidence of an active infl ammatory disease. Exclusion criteria: infl ammatory diseases involving the ocular appendages and/or the eye layers and internal structures together with the uveal tract; patients with a history of uveitis inactive at the time of study;other diseases involving the retina and choroidea that affect macular thickness; uveitis secondary to sustained trauma, surgical intervention or malignant process;reduced transparency of eye structures that makes it impossible to obtain a quality OCT imaging and/or performing FA; age under 20 years (due to the small number of cases, patients under 20 years of age were excluded from the study).
The OCT study of ME was done using RTVue 100 (Optovue, Fremont CA, US), which is a frequency (Fourier) domain optical coherence tomograph. We used version 4.0 of the software. To obtain data about the normal ranges for the OCT used in the study we recruited 160 healthy volunteers (160 eyes) aged ≥ 20 years, with no history of uveitis or other ocular diseases.
For the patients with uveitis the OCT scanning was performed after medicamentous mydriasis. The control group was examined without preliminary preparation. The following scan protocols were used in the study: MM6, EMM5 and 3D Reference (the latter is mandatory when EMM5 scanning is opted for), and the data obtained by the scans were analysed qualitatively and quantitatively. The parameters used for the analysis of retinal thickness were plotted on the chart with the nine fi elds according to Early Treatment Diabetic Retinopathy
INTRODUCTION
Macular edema (ME) is one of the leading causes of decreased vision in a number of eye diseases such as infl ammatory disorders, vascular retinal disorders, vascular disorders of the choroid, traction maculopathy, retinal detachment, intraocular tumors, etc. 1,2 Although it is not specifi c, ME is a typical complication of uveitis; it may be responsible for permanent visual impairment in 8.5% of all cases. 3 It is found in all types of uveitis, its incidence depending on the anatomical position of infl ammation. Most often it affects the vitreous body 4 , but can also be detected in anterior uveitis (20-26%), posterior uveitis (20%) and panuveitis (35%). 5 Finding ways of making an accurate diagnosis of ME is a major priority of research in this fi eld. Until recently, one of the most common methods of detecting uveitis in clinical practice was fl uorescein angiography (FA). FA can help in investigating the blood retinal barrier and fi nd how severe the retinal vesicles, the choroid and the optical nerve have been affected. It can identify the anatomical location and pattern of vascular leakage 1, [6] [7] [8] [9] , but can give only a qualitative assessment of the edema. Moreover, the size and area of vascular leakage do not have a signifi cant correlation with visual acuity. [10] [11] [12] Although this method is very useful in making a fi nal diagnosis, FA is an invasive procedure and the interpretation of the results is potentially a subjective assessment. 6 In recent years, ophthalmologic practice has made increasing use of optical coherence tomography (OCT). This is a relatively new, objective, reliable method for studying and diagnosing macular pathology. 11, [13] [14] [15] OCT can show not only presence of fl uid in the retina, but also its anatomical distribution. The method allows a quantitative estimate of retinal thickness and volume. 16 The latest generation of spectral OCT devices have high axial resolution (< 5 μm), which allows visualisation of different retinal layers and early diagnosis of macular edema. 9 The method is non-invasive, non-contact, it is easily executable, allowing the detection of uveitic ME in the course of the therapy. 1, 17 Study (ETDRS). The chart includes a central circle 1 mm of diameter on which the measured thickness is defi ned as central foveal thickness (CFT) and two peripheral rings, which are divided into four quadrants (nasal, upper, temporal and lower). The inner ring has a radius of 1-3 mm and includes the parafoveal area. The outer ring, corresponding to the perifoveal area, has a radius of 3 to 5 mm for the EMM5 scan protocol and from 3 to 6 mm for the MM6 scan protocol. The thickness at the central fi xation point (CFP) and in the nine fi elds was measured automatically which renders the data attached with digital and color coding. Some OCT devices automatically calculate the total macular thickness (TMT), but such analysis does not feature in RTVue. The TMT in the study was calculated as the sum of all measurements taken in the nine quadrants, using the following formula: 1/36 (CFT) + 1/18 (the sum of the inner four quadrants) + 3/16 (the sum of the outer four quadrants). 18, 19 We used here the OCT classifi cation which considers three basic ME patterns: diffuse ME (DME), cystoid ME (CME) and serous detachment (SD) of the neuroepithelium from the retinal pigment epithelium (RPE). Accordingly, the eyes with uveitis were divided into four groups: normal macular architectonic -no ME, with DME, CME and SD.
To detect early DME in uveitis we used the modified criteria of Hee (1998) 20 and Massin (2002) 21 for retinal thickness that exceeds the mean thickness for healthy eyes by over 2xSD (> mean ± 2xSD). This was used for three indicators: CFP, CFT (zone 1 in ETDRS) and TMT. Two of the scan protocols we used to examine the controls gave different distribution of the retinal thickness in the inner quadrants. For this reason we used TMT as a third, additional criterion.
In the DME group we had eyes with diffuse macular thickening, loss of the normal segmentation of the retina, smoothening of the foveal depression, where the macular thickness met the criteria we set above, and in the CME group we had eyes with distinctly outlined hyporefl ective, cystoid spaces on the OCT scans, single or simultaneously combined with serous detachment of the neuroepithelium. In another group we placed the eyes that had only serous detachment of the neuroepithelium in the macular area. The eyes which were seen on the OCT scans as having serous detachment combined with cystoid macular edema were included in the CME group to facilitate the comparison with FA results.
The fluorescein angiography was performed using digital fundus camera Topcon TRC-50DX (Topcon Europe Medical B.V.) after complete medicamentous mydriasis. The angiographic images were acquired using standard methods as required by the University of Wisconsin-Madison Fundus Photograph Reading Center, with a modifi ed standard protocol scanning 7 fi elds in the ocular fundus being used more frequently. 22 The images were taken at the size of the fi eld 50°, thus enabling a panoramic survey of the sector on the fundus. For the fl uorescein angiography we used 5 ml of 5% aqueous solution of the sodium salt of fl uorescein administered intravenously in the cubital vein for 5-6 seconds. To compare the results with SD-OCT scans we used the last images 5 -10 minutes in the tissue phase of FA in fi eld No2 with the macula as center.
Depending on the FA fi ndings in the macula, the studied eyes were allocated into four groups: without ME, with DME, with CME, and with SD of neuroepithelium from RPE. The second group in FA, eyes with DME, included also eyes with focal edema.
FA, and the OCT scanning were mostly performed consecutively in the same day (the rest of the scans were done at an interval of 2-3 days).
All study subjects were Caucasian. Statistical analysis was performed using SPSS v. 17.0. The battery of analyses included: descriptive analysis -to describe the results presented as means plus standard deviation (mean ± SD);the Kolmogorov-Smirnov test -to determine the distribution type of the quantitative indicators;independent samples t-test -to compare the means between the two groups. The internal consistency between OCT and FA in visualising ME was evaluated by kappa, Kendall's tau-b. The level of signifi cance of the zero hypothesis was set at p < 0.05 at 95% confi dence interval.
Informed consent was obtained from the patients with uveitis and the healthy controls for participation in the study.
RESULTS
The mean age of the patients with uveitis was 43.7 ± 16.6 yrs (mean ± SD) (range 20 -78 yrs). Sixtysix patients were men (56.4%) (mean age 42.8 ± 16.5 yrs) and 51 were women (43.6%) (mean age 44.8 ± 16.9 yrs). In 16 (13.7%) the infl ammation was in both eyes, and in the other 101 eyes (86.3%) only in one of the eyes. The controls (160 volunteers, 160 eyes) had the mean age of 43.8 ± 15.3 yrs (mean ± SD); 82 of these were men (51.3%) at the mean age of 41.6 ± 15 yrs and 78 -women (48.7%) at the mean age of 46.2 ± 15.5 yrs.
Age had normal distribution in both groups: control (one-sample Kolmogorov-Smirnov test; Z = 1.31; P = 0.07) and patients with uveitis (onesample Kolmogorov-Smirnov test; Z = 1.33;P = 0.06). The groups were age matched (independent samples t-test: t = 0.15; p = 0.88) and sex-matched (independent samples t-test; for men: t = 0.45; p = 0.65; for women: t = 0.45; p = 0.65). Table 1 presents the etiological distribution by anatomical location of uveitis in the patients.
The controls were used to build a system of normal values for the SD-OCT apparatus we used and differentiation of the normal retinal architectonic from early DME. DME was considered as present for eyes with uveitis where the retinal thickness exceeded the mean values of the sectors we mentioned earlier for both scan protocols MM6 and EMM5 in comparison with the results obtained in healthy controls (Table 2) . Table 3 presents the distribution of the eyes and the comparison between the two methods. In 27.8% (37 eyes) ME was detected by both imaging In 14 eyes both imaging methods found CME and in 20 eyes -DME (kappa = 0.68; Kendall's tau-b = 0.69 at p < 0.001).
We analyse in greater detail the FA and OCT fi ndings in 14 eyes with CME detected by the two imaging methods. In ten of the FA images CME has a petalloid-like pattern. In these cases the cystoid spaces on OCT are larger, centrally located Table 3 . Coherence between OCT and FA in diagnosing ME in eyes with uveitis (n = 133) Table 4 . Distribution of the different types of ME in eyes with uveitis, examined with OCT and FA (n = 133) *Eyes with CME and eyes with CME in combination with SD of neuroepithelium are grouped together for better statistical comparability. Legend: DME -diffuse macular edema; CME -cystoid macular edema; SD -serous retinal detachment of neuroepithelium.
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No edema modalities, while in 57.1% (76 eyes) OCT and FA found no pathological changes in the macula. In 2.3% (3 eyes with uveitis) FA detected ME that was not found on OCT while in 12.8% (17 eyes) of the cases ME was detected only on OCT. The agreement rate kappa between OCT and FA in detecting ME in uveitis was 0.68. The coeffi cient of correlation, Kendall's tau-b was 0.69 indicating good consistency of both methods (p = 0.001). Table 4 presents in greater detail the types of ME detected on OCT and FA.
It is worth noting that in 11.3% of cases (15 eyes) OCT detected DME which FA failed to do (Fig. 1A) . In the three eyes (2.3%), in which ME was detected on FA only, and OCT found no abnormalities in the retinal thickness, the ME was also diffuse (Fig. 1B) , that is, the greatest discrepancy in the diagnostic capabilities of the two methods lies in the detection of DME. In two of the eyes FA found no pathological changes in the retina, whereas OCT found SD of neuroepithelium in the macular area (Fig. 1C) . FA found DME in two other eyes with uveitis included in the study, while OCT disclosed in them cystoid spaces in the retina (Fig.  1D) . Serous detachment of the neuroepithelium in the macular area was observed in the late FA phases in 1 eye in which OCT, besides the SD of the neuroepithelium, detected microcystoid changes in the retina (Fig. 1E) . and localized primarily in the outer retinal layers (outer plexiform, outer nuclear and more rarely in the inner plexiform layer) (Fig. 2А) . In the other four eyes with uveitis, the CME as seen on FA shows a honeycomb-like pattern. OCT visualises the cysts mostly in the inner retinal layers (inner nuclear and plexiform) located paracentrally (Fig.  2B) . In half of all 14 eyes with CME only OCT visualises simultaneous SD of the neuroepithelium in the macular area.
Depending on the FA and OCT fi ndings the 133 eyes with uveitis were divided into four groups: no ME by both imaging methods, ME found on only one of the methods, and ME found on both OCT and FA. The distribution of FA and OCT fi ndings by anatomical localization of uveitis is presented in Table 5 . In 15% of the cases (20 eyes) we found discrepancies between the two methods. The greatest mismatch between the OCT and FA imaging was found in the eyes with anterior uveitis in which ME was detected on OCT but not on FA. Discrepancy between OCT and FA fi ndings in patients with uveitis and macular edema. A) DME on OCT at normal FA fi nding; B) DME on FA at normal OCT fi nding; C) SD on OCT at normal FA fi nding; D) CME on OCT while FA visualises DME; E) late FA phases showing SD while OCT, in addition to SD, visualises microcysts.
A.
B. C.
D. E.
Figure 2. CME in eyes with uveitis. A) FA visualises CME with the petalloid-like pattern, while OCT scans show cysts of various sizes located primarily in the outer retinal layers, as well as SD of the neuroepithelium from RPE. B) FA visualises CME of honeycomb-like pattern, while OCT scans show small and medium-sized cysts located mainly in the inner retinal layers, disrupted external retinal layers, and SD of the neuroepithelium from RPE. Their study included 121 eyes with uveitis (58 patients) and only in 13 cases there was a mismatch between OCT and FA fi ndings. 6 Tran et al. examined 129 eyes with infl ammation of the uvea. The results for FA and OCT fi ndings were similar in 86.8% of all cases. 23 Brar et al. studied macular edema in patients with diabetes and uveitis after vein occlusion, epiretinal membranes and pseudophakic edema and found strong correlation between FA and OCT (Spectralis) fi ndings. 1 They reported that CME detected on FA can always be detected on OCT, while a diffuse FA leakage is seen on OCT as either diffuse or cystoid leakage. Our study corroborates these conclusions. In all cases we found CME on FA it was confi rmed on OCT. Jittpoonkuson et al. studied patients with CME with different etiology. 24 They found 4 cases of uveitis in a total of 85 eyes (85 patients). These researchers found the greatest discrepancy between OCT and FA fi ndings in the eyes with age-related macular degeneration and diabetic retinopathy. In their study CME was detected only on OCT in 33.3% of all cases, while in uveitic eyes CME was found by both FA and OCT.
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Discrepancies between Spectral Domain Optical Coherence Tomography and Fluorescein Angiography in Detecting Uveitic
In the present study, DME was detected on FA in two eyes with uveitis, while OCT found only microcystoid spaces. The diffuse angiographic macular edema can be seen in some cases as microcystoid on SD-OCT because of the higher resolution of SD-OCT (5-7 μm) compared to FA. 1 CME begins at fi rst in the form of small cystoid spaces in the outer plexiform layer that are seen on FA at fi rst as diffuse leakage. 9 We found serous detachment of the neuroepithelium from RPE on OCT in 9 eyes, which was confi rmed by FA only in one of the cases. Our results are consistent with the results reported by Tran et al. These researchers found SD in 9 eyes with uveitis using OCT that was not detected on FA. 23 Yeung et al. studied 58 eyes with diabetic retinopathy and detected SD of the neuroepithelium in 11 (18.6%) of them on SD-OCT. 9 These changes in the eyes were not confi rmed by a specifi c FA fi nding. Reports in the literature have indicated that subretinal fl uid can be seen only on OCT, although late FA phases, in some cases, may show edema. 25, 26 We observed the greatest discrepancy between FA and OCT fi ndings in the detection of DME. In 15 eyes (11.3%) we found DME detected only on OCT. DME is thought to arise as a result of metabolic stress, leading to cellular dysfunction and intracellular accumulation of fl uid. As a consequence, retinal thickness increases without undergoing any cystoid changes and any vascular leakage. 23, 27, 28 Other researchers suggest that DME is the result of extracellular accumulation of fl uid in the macular area, which has not yet been evacuated. If the leak through the vascular walls has stopped, FA will not show ME, but the edema will be detected on OCT. 6, 28 Most of the studies in this respect, with patients with uveitis, use timedomain OCT apparatus investigating the macular thickness. This may account to some extent for the fact that these researchers report much smaller number of cases than we have of ME detected on OCT but not on FA.
The analysis we made suggests that by anatomical position of uveitis the greatest discrepancy between FA and OCT fi ndings occurs in patients with anterior uveitis. In 14 eyes with anterior uveitis, macular edema was detected only on OCT. We found no comments on this fi nding in the available ophthalmologic literature. We think that in AU patients DME is more often detected on OCT and absence of edema on FA because of the reasons we mentioned earlier and also as a result of the shorter vascular leakage (the infl ammation affects the anterior parts of the uvea).
Our results indicate that ME is detected on FA but not on OCT in 2.3% of all cases. Similar data are reported by Brar et al. 1 They detected ME on FA and found no changes on OCT in 3.73% of their cases. Our results are consistent also with the results reported by Ancliff et al. 6 These researchers detected focal ME on FA in 3 eyes with uveitis (in stage 1 by the classifi cation of Yannuzzi et al. 29 ) but it did not visualise on OCT. In patients with weak focal leakage, the central retinal thickness may be seen as normal on OCT. Studies in the available literature on the subject suggest that in such cases the fl uid in the retina is in very small quantity, which makes the morphologic changes impossible to visualise. 1, [30] [31] [32] This may account for the fact that in all eyes we found macular edema only on FA, it was a diffuse edema. On the other hand, in intraocular infl ammatory disorders the blood retinal barrier breaks early when the compensating mechanisms are still effi cient enough. 23 In such cases, FA turns out to be a more sensitive method than OCT in detecting ME. 1, 28 The results reported by Ossewaarde-van Norel et al. are not consistent with our results. 28 They examined 120 eyes (78 patients) with uveitic ME and found mismatches between FA and OCT fi ndings in 46% of all cases. In 34 eyes (30%) ME was detected on FA but not on OCT. This difference between the results reported by Ossewaarde-van Norel et al. and our own results is due to several factors. They used TD-OCT (Stratus) to diagnose ME. The TD-OCT apparatus being of lower resolution is the reason they did not detect the microcystoid spaces in the perifoveal area which however can be visualised on SD-OCT. Also the study included patients with a long history of uveitis. The long term leakage in these patients was most probably combined with atrophy and decrease of the retinal thickness. Patients with atrophic changes in the macula and inactive uveitis were excluded from our study.
The present study is not without any limitations. First, the classifi cation of macular leakage on FA is not accurate. It is not possible to make a precise grading of the severity of the edema using a numeric value -the assessment is to some extent subjective depending on the skills and experience of the researcher. On the other hand, the concentration of fl uorescein decreases in the various FA phases, and there is no linear relationship between the quantity of fl uorescein and fl uorescence intensity. 28 We have grouped together focal ME and diffuse ME to achieve better comparability with the results from OCT, which, however, is not quite correct. Some studies use the 5-point FA classifi cation of ME suggested by Yannuzzi et al. 29 However, it does not match the OCT classifi cation of macular edema.
Our results show good agreement between SD-OCT and FA fi ndings when ME is found in patients with uveitis. The two methods are highly sensitive, but is quite likely that macular edema may be missed if these methods are used independently. SD-OCT is the more informative and reliable method in patients with the DME. FA and OCT are used complementary in diagnosing ME in patients with intraocular infl ammatory diseases. Each of these methods reveals different aspects of the pathogenic features of uveitis.
OCT is increasingly required in ophthalmic practice as a method taking less time for preparation and execution, absence of systemic risks, possibility of quantifi cation of retinal thickness, as well as good reproducibility and comparability of the results.
